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 MIXED OXIDES AND METAL SUPPORTED APATITE CATALYSTS 
FOR ORGANIC TRANSFORMATIONS  
 
The thesis mainly deals with the development of heterogeneous solid catalysts and 
their applications in organic transformations particularly C-C bond formation reactions. 
Chapter I highlights the importance of heterogeneous catalysis and discuss various options 
for the synthesis of heterogeneous catalysts. The need and development of cleaner and 
greener alternative technologies using truly heterogeneous catalytic system in the synthesis 
of pharmaceuticals and fine chemicals is also described. Chapter II describes the 1,4-
addition of phenylboronic acids to α,β-unsaturated carbonyl compounds by using rhodium 
fluorapaptite (RhFAP) catalyst. Chapter III deals with the conversion of azides to N-(tert-
butoxycarbonyl)amines and the synthesis of 1,3-butadienes by using palladium fluorapatite 
(PdFAP) catalyst. Chapter IV deals with the synthesis of tetrazoles and propargylamines 
by using zinc based catalysts. Chapter V mainly deals with the synthesis of α-diazo-β-
hydroxy and α-diazo-β-amino carbonyl compounds using Mg/La mixed oxide catalyst and 
β-keto esters by using and Pd0/Mg-La mixed oxide catalyst. 
 
Chapter-I: Introduction 
 
This chapter describes the various catalyst / process options available for an 
industrial chemist to effect different organic transformations. It includes a brief 
introduction of homogeneous, heterogeneous catalysis and basic concepts commonly 
encountered in catalysis such as selectivity, turnover number, atom economy etc. This 
chapter also describes the structure, properties and applications of basic supports such as 
apatites, hydrotalcites, mixed oxides and their importance as catalysts in organic reactions. 
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The need for the design and development of environmentally cleaner catalytic 
methodologies using supported solid catalysts is also presented in this chapter. 
Chapter-II: Rhodium fluorapatite catalyzed conjugative addition of phenylboronic 
acids to ,-unsaturated carbonyl compounds  
Rhodium catalyzed carbon-carbon bond formation via cross-coupling of 
organoboron compounds and organic electrophiles is one of the most important reactions 
in organic synthesis. Rhodium catalyzed conjugate addition of arylboronic acids to ,-
unsaturated carbonyl compounds has received considerable attention in the field of organic 
synthesis, ever since it was reported by Miyaura et al. in 1997. The discovery of such and 
important reaction has triggered much research activity in the area of carbon-carbon bond 
formation catalyzed rhodium complexes. Despite the advantages of homogeneous metal 
complex catalysts, difficulties in recovering the expensive catalyst metals and ligands from 
the reaction mixture severely limit their industrial applications. Moreover the use of toxic 
and expensive phosphine ligands is undesirable in viewpoint of environment. 
Heterogeneous catalysis is particularly attractive as it allows production and ready 
separation of large quantities of products with the use of a small amount of catalyst. 
The present chapter describes the conjugate addition of phenylboronic acids to ,-
unsaturated carbonyl compounds to yield conjugate addition products (Scheme 1). 
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Scheme 1. Conjugate addition of arylboronic acids to α,β-unsaturated carbonyl compounds 
catalyzed by RhFAP 
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Chapter-III: One pot approach for the synthesis of N-(tert-butoxycarbonyl)amines 
and 1,3-butadiene derivatives using highly efficient palladium fluorapatite catalyst 
This chapter is divided into two sections. 
Section I: This section deals with the chemoselective reduction of azides to N (t-
butoxycarbonyl)amines by using PdFAP catalyst. 
Section II: This section deals with the three component coupling of aryl iodides, alkynes 
and alkenes by using PdFAP catalyst. 
Section I: Palladium fluorapatite catalyzed chemoselective reduction of azides to N-
(tert-butoxycarbonyl)amines 
 Organic azides are an important class of compounds, particularly for producing 
primary amines via reductive transformation, and several reducing agents have been 
developed to date. In a closely related field, protection of amines with appropriate 
protecting agents also plays an important role in multistep synthesis. Among the various 
amine-protecting group, the tert-butoxycarbonyl (Boc) group is frequently used due to its 
chemical stability to acids, bases, and hydrogenation. Based on this background, it is 
reasonable to consider that the combination of azide reduction and N-Boc-protection 
should offer an efficient approach to the manipulation of organic amino compounds. 
 The present chapter describes one pot method for the transformation of azide to N-
Boc-protected amines by using palladium fluorapatite (PdFAP). This catalyst is recovered 
and recycled for several times without loss of activity (Scheme 2). 
 
 
 
Scheme 2. Chemoselective conversion of azide to Boc-protected amine using PdFAP 
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Section II: An efficient palladium fluorapatite catalyzed three component coupling of 
aryl iodides, alkynes and alkenes 
One of the most attractive synthetic strategies favored by organic chemists is the 
multi-component domino coupling reactions for constructing polyfunctional molecules by 
linking several organic moieties through carbon-carbon bond formation in one step. In 
particular, the transition-metal catalyzed coupling reactions are recognized as versatile 
tools for constructing complex molecules from simple starting materials. Among such 
reactions, palladium-catalyzed carbon-carbon bond formation reactions are the most 
versatile by virtue of their generality and ability to tolerate a wide range of important 
organic functional groups. In the present chapter, a three-component coupling of aryl 
iodides, alkynes, and alkenes to generate 1,3-butadiene derivatives using palladium 
fluorapatite (PdFAP) catalyst is described (Scheme 3).  
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Scheme 3. Three-component coupling of iodobenzene, diphenylacetylene and butyl 
acrylate by using PdFAP catalyst. 
Chapter-IV: Synthesis of 5-substituted 1H-tetrazoles and propargylamines by using 
zinc based catalysts 
This chapter is divided into two sections.  
Section I: This section deals with the synthesis 5-substituted 1H-tetrazoles by using zinc-
hydroxyapatite catalyst 
Section II: This section deals with the synthesis of propargylamines using zinc dust. 
Section I: Zinc hydroxyapatite catalyzed efficient synthesis of 5-substituted 1H-
tetrazoles 
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Tetrazoles, a class of heterocycles, received considerable attention because of their 
wide range of applications in pharmaceuticals as lipophilic spacers, in speciality 
explosives, photography, and information recording systems. They are important ligands 
for many useful transformations and also precursors for a variety of nitrogen containing 
heterocycles. The most convenient route for the synthesis 5-substituted 1H-tetrazoles is the 
addition of azide ion to nitriles. The earlier reports for this transformation fall in to three 
main categories: i) the use of tin or silicon azides, ii) the use strong Lewis acids, and iii) 
running the reaction in acidic media. The drawbacks in the earlier methods are, use of 
expensive and toxic metals, severe water sensitivity, and the presence of hydrazoic acid, 
which is highly toxic and explosive as well as volatile. It is also known that acid-catalyzed 
cycloaddition between hydrazoic acid and isocyanides is one of the main routes to 5-
substituted 1H tetrazoles. However, this procedure needs the direct addition of large excess 
amounts of dangerous and harmful hydrazoic acid. Therefore, it is desirable to develop a 
more efficient and convenient method for the synthesis of 5-substituted 1H- tetrazoles. 
In the present chapter, the synthesis of 5-substituted 1H- tetrazoles by addition of 
sodium azide with organic nitriles using zinc hydroxyapatite is described. This catalyst is 
recovered and recycled for several times without loss of activity (Scheme 4). 
R
CN
NaN3
R N N
N
H
N
DMF, 120-130 oC
+
ZnHAP
 
Scheme 4. Synthesis of 5-substituted 1H-tetrazoles using ZnHAP 
Section II: Efficient one-pot synthesis of propargylamines using zinc dust 
 One pot multi-component coupling reaction (MCR) by coupling of several organic 
moieties in one step is an attractive synthetic strategy. Propargylamines are important 
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synthetic intermediates for biologically active compounds such as β-lactums, 
conformationally restricted peptide, isosteres, natural products and therapeutic drug 
molecules. The standard practice for synthesis of propargylamines is carried out by 
amination of propargylic halides, propargylic phosphates or propargylic triflates.  
The present chapter deals with the three-component coupling of aldehydes, amines and 
alkynes to generate propargylamines using zinc dust without using any co-catalyst or 
additive (Scheme 5). 
 Easy separation of the catalytic by simple centrifugation. 
 No other co-catalyst or additive is required. 
 No pre-activation of Zn dust is required. 
 
Scheme 5. Synthesis of propargylamines by using zinc dust 
Chapter-V: Synthesis of α-diazo-β-hydroxy and α-diazo-β-amino carbonyl 
compounds using Mg/La mixed oxide catalyst and β-keto esters by using Pd0/Mg-La 
mixed oxide catalyst 
This chapter is divided into two sections. 
Section I: This section deals with the synthesis of α-diazo-β-hydroxy and α-diazo-β-amino 
carbonyl compounds using highly basic Mg/La mixed oxide catalyst. 
Section II:  This section deals with the arylation of Baylis-Hillman adducts with iodo- and 
bromoarenes using Pd0-Mg/La mixed oxide 
Section I: Synthesis of α-diazo-β-hydroxy and α-diazo-β-amino ester compounds via 
aldol type reaction of aldehydes and imines with ethyl diazoacetate using basic Mg/La 
mixed oxide catalyst 
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 α-Diazo carbonyl compounds are potential source of amino alcohols and acids. α-
Diazo carbonyl compounds are generally prepared by the azido transfer reaction of 
carbonyl compounds. Condensation of acyldiazomethane to aldehydes and imines yields α-
diazo carbonyl compounds but requires deprotonation of the acyldiazomethane. Some of 
the methods reported require low temperature and absolutely anhydrous conditions; 
moreover the use of strong bases may not be compatible with functional groups in the 
substrates. In recent years, there has been increasing emphasis on the use and design of 
environment-friendly solid catalysts to reduce the amount of toxic waste. The use of a solid 
catalyst allows easy separation of catalyst from the reaction mixture in large-scale 
production to conform to the concept of green technology.  
The present chapter addresses the synthesis of β-hydroxy-α-diazo carbonyl 
compounds and β-amino-α-diazo carbonyl compounds by condensation of a wide variety 
of aldehydes and imines with ethyl diazoacetate using the Mg/La mixed oxide catalyst in 
water (Scheme 6). The noticeable merits of Mg/La mixed oxide catalyst in synthesis of β-
hydroxy-α-diazo carbonyl compounds and β-amino-α-diazo carbonyl compounds are:  
1) The reaction is performed at room temperature.  
2) Low catalytic loading with good reusability. 
3) Water is used as a solvent in the reaction, which is safer, cheaper and more 
environmentally friendly.  
 
Scheme 6. Synthesis of diazo carbonyl compounds by using Mg/La mixed oxide. 
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Section II: Synthesis of β-keto esters via arylation of Baylis-Hillman adducts with 
iodo- and bromo- arenes catalyzed by Pd0/Mg-La mixed oxide catalyst 
Baylis-Hillman adducts are interesting class of disubstituted olefins possessing both 
allylic alcohol and α,-unsaturated ester moieties in which carbon-carbon double bond is 
an integral part of both allyl alcohol and α,-unsaturated ester moieties. Such a highly 
desirable olefin arylation is an important area in the synthesis of β-keto esters products, an 
important and useful class of synthons. Few reports on such coupling are reported in 
literature using homogeneous palladium salts. Despite the synthetic elegance and high 
turnover numbers, the non-reusability of the precious palladium precludes wide synthetic 
applications in the pharmaceutical industry. Heterogeneous catalysts have been proven to 
offer similar levels of activity to their homogeneous counterparts whilst eliminating the 
need for an extensive work-up and preventing the metal from being found in the product, 
which restricts its use in industry.  
In the present chapter, the arylation of di-substituted (Baylis-Hillman adducts) 
olefins with iodo- and bromoarenes to afford -keto ester products in good yields via -
hydride elimination in a single pot by using Pd0/Mg-La mixed oxide catalyst (Pd0/Mg-La 
MO) (Scheme 7) is described.  
 
 
 
Scheme 7. Arylation of Baylis-Hillman adduct with iodo- and bromobenzenes using 
Pd(0)/MgLa MO catalyst 
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